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Graphene nanoribbons (GNRs) based T junctions were designed and 
studied in this paper. These junctions were made up of shoulders (zigzag 
GNRs) joined with stems (armchair GNRs). We demonstrated the intrinsic 
transport properties and effective boron (or nitrogen) doping of the junctions 
by using first principles quantum transport simulation. Several interesting 
results were found: i) The I-V characteristics of the pure-carbon T junctions 
were shown to obey Ohm’s law and the electrical conductivity of the 
junction depends on the height of the stem sensitively. ii) boron (or nitrogen) 
doping on the stems doesn’t change the Ohm’s law of the T junctions, but 
the result is opposite when doping process occurs at the shoulders. This 
feature could make such quasi-2D T junction a possible candidate for 
nanoscale junction devices in a 2D network of nanoelectronic devices in 
which conducting pathways can be controlled. 
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Despite its short history, graphene 1 is considered as a promising material for 
electronics by both academic and industrial researchers.2-5 Several experimental 
groups have successfully produced isolated, and stable at room temperature, 2D 
crystals of graphene and graphene nanoribbons (GNRs).6-11 Due to its novel electronic 
properties2-3,12 and potentials for future applications in nanoelectronics and spintronics, 
graphene has attracted extensive attention. Recently, as the first step toward more 
complex graphene-based devices, a number of GNR-based nanoelectronic devices 
have been fabricated and studied theoretically, such as GNR-FETs13-14, p-n 
junctions15-18，nanosensors19-20 and spin filter devices21. This fact further improves the 
prospects of graphene-based electronics. 
Applied as universal joints, T-type junctions 22-23 would be possible building 
blocks for nanoscale devices forming a 2D network. Unlike the simple tube bends, the 
T-type junction is in reality a quasi-2D junction. Very recently, since GNRs as  
narrow as 20~10 nm24-25 wide have been fabricated by e-beam lithography and 
etching techniques, it is more interesting and practical to obtain more comprehensive 
information about the physical and chemical properties of T-type junctions base upon 
GNRs and to predict possible applications 
Herein, we propose a new type of T-type junction made up different kinds of 
GNRs by using first-principles quantum transport calculations. Several interesting 
computational results have been obtained: i) The I-V characteristics of the 
pure-carbon T junctions were shown to obey Ohm’s law and the electrical 
conductivity of the junction depends on the height of the stem sensitively. ii) boron 
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(or nitrogen) doping on the stems don’t change the Ohm’s law of the T junctions, but 
the case is different when doping process occurs at the shoulders. Our results provide 
a new method to build graphene based electronics devices.  
We carry out first-principles transport calculations in our work using an ab initio 
code package, Atomistix ToolKit 2.0 (ATK),26-27 which is based on real-space, 
nonequilibrium Green’s function (NEGF) formalism and the density-functional theory 
(DFT). The calculation of the complete system can be obtained from two independent 
calculations of both electrode regions, and a two probe calculation of the central 
scattering region. The electrode calculations are performed under periodical boundary 
conditions, with the unit cell being six atomic layers along the ribbon axis and the 
k-point grid being 1x1x50. Self-consistent calculations are performed with a mixing 
rate set to be 0.02, and the mesh cutoff of carbon atom is 120 Ry to achieve a balance 
between calculation efficiency and accuracy. The approximation for the 
exchange-correlation functional is the spin-unpolarized generalized gradient 
approximation (GGA).  The C-C and C-H bond lengths are set to be 1.42 Å and 
1.1Å, and these values had been test in our previous work. 14
Note that the definition of GNRs in our work is accordance with previous 
convention 28-29: The zigzag (or armchair) GNRs are classed by the number of C-C 
chains forming the width of the ribbon, and the ZGNR (AGNR) with n C-C chains is 
named as n-ZGNR (n-AGNR).  
It’s well known that all the ZGNRs are metal at finite temperature, while all the 
AGNRs are semiconductor, so all ZGNRs can be used as metal leads when we build 
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graphene-based electronic devices. What’s more important, our previous results show 
that all the ZGNRs and AGNRs have the same work function14, which indicate that 
the contact resistance can be avoided when we design the junction using different 
kinds of GNRs. 
In Fig. 1 we show three kinds of T junction devices:  Fig. 1a is the undoped 
GNR T junction, which is made up of metallic shoulder (ZGNR) and semiconducting 
stem (AGNR). The similar structures in CNTs have been studied widely22-23 and these 
structures have been used as rectifier valves. It is thus natural to do a similar 
investigation for GNR based T junction, and the main aim of this article is to discuss 
the feasibility of using GNR T junctions as electronic devices.  
Nitrogen (N) and Boron (B) atoms are typical substitutional dopants in carbon 
materials, and their binding with C is covalent and quite strong, comparing to that of 
host C-C bond. The incorporation of N or B atoms into the carbon materials will 
influence the electronic and transport properties of C host by introducing extra carries 
and new scattering centers. So it is very important to investigate the effect of B (or N) 
doping in the performance of T junctions. Fig. 1b show the T junction with stem 
doped by B (or N) and Fig. 1c is similar to Fig. 1b but with shoulder doped by 
impurities. 
Fig. 2 shows the conductance and I-V characteristics of pure T junctions. From 
the I-V curve we found the pure T junction show a perfect metallic behavior. This is 
also consistent with the results of density of states (DOS) in Fig. 2a. there is a high 
peak near Fermi level which is contributed by the edge states of shoulder. Fig. 2c 
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shows that the conductance of this system depends on the height of the stem, and the 
conductance decreased quickly when the height of stem increased. When we 
increased the height of the stem, due to the semiconducting behavior of stem, the 
resistance will also increase, and this will decrease the electron resistance. This 
phenomenon is interesting and indicates that we can control the transport property of 
T junction by selecting the length of stem in experiments.  
    Next we will study the B or N doped T junctions, as shown in Fig. 3. In Fig. 3c 
we show the conductance of pure T junction and doped T junctions. Compared with 
the pure T junction, we found that if doping process occurs at the stem of the junction, 
the conductance at Fermi level will just decrease slightly. But if the impurities are 
selectively doped at the shoulder of this junction, the conductance near Fermi level 
will decrease notably (from 0.9 G0 to 0). The above results indicate that selective 
doping in T junction could be used to control the conductance of this device. In Fig. 
3a and Fig. 3b we show the I-V curves of B and N doping at different part of the 
junction. If impurities are doped at the stem part, the I-V curves changed a little, but if 
we dope the impurities at the shoulder part, the I-V curves changed greatly: The 
current is about zero when the voltage ranges from -0.5 v~0.5v and then increases 
slowly. The I-V curves are consistent with our conductance analysis. When B/N is 
doped at the stem, the conductance of the shoulder will keep the same as before, so a 
little changes will happen. But when the doping site is selected at the shoulder, the 
dopants will scatter the electrons getting through the shoulder, and the conductance of 
this system will decrease remarkably. This means that we can control the conductance 
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of this system by selective doping to realize the ON/OFF states in experiments. 
    In conclusion, we have proposed a new type of T junction made up only of 
carbon atoms. By using first-principles quantum transport calculations, we investigate 
the transport properties and edge doping-effect of such junction made up of metallic 
nanoribbon (shoulder) joined with semiconducting one (stem). The tunneling currents 
of pure-carbon T junctionsare shown to obey Ohm’s law and the electrical 
conductivity of the junction sensitively depends upon the height of the stem. 
Moreover, doping on the semiconducting portion（doping on the edges of the stem）
of T junctions doesn’t change the Ohm’s law of the T junctions. Either n-type or 
p-type doping on the metallic portion (doping on the edges of the shoulder) of the T 
junction should yield Schottky barrier-type devices. Furthermore, we have interpreted 
the conductance mechanism for such junction devices. Since the T junctions can be 
used as “universal joints” for forming a 2D network in which conduction pathways 
and doping via manipulation of edge terminations can be controlled, we expect that 
GNRTJs would be possible applied as building blocks for nanoscale tunnel junction 
devices in a 2D network of nanoelectronic devices built on patterned GNRs. Unlike 
the tube, the T junction is in reality a 2D junction. Currently, GNRs as small as 
20nm24 and 10-15nm25 wide has been fabricated by e-beam lithography and etching 
techniques，these junctions based upon patterned GNRs could be the prototypes of 
nanoscale tunnel devices in near future.  
 
 
 6
Acknowledgment.  
This work was supported by the National Natural Science Foundation of China (Grant 
Nos. 10325415 and 50504017) and the Science Develop Foundation of Central South 
University(Grant No. 08SDF02). The numerical calculation was carried out by the 
computer facilities at Department of Physics of Tsinghua University. 
 
References  
1K. S. Novoselov, A. K. Geim, S. V. Morozov, D. Jiang, Y. Zhang, S. V. Dubonos, I. 
V. Grigorieva, and A. A. Firsov, Science 306, 666 (2004). 
2A. K. Geim, and K. S. Novoselov, Nature Mater. 6, 183 (2007). 
3C.Berger, Z. Song, X. Li, X.Wu, N. Brown, C. Nafud, D. Mayo, T. Li, J. Hass, A. N. 
Marchenkov, E. H.Conrad, P. N. First, W. A. de Heer, Science 312, 1191 (2006).  
4T. Ohta, A. Bostwick, T. Seyller, K. Horn, and E. Rotenberg, Science 313, 951 
(2006). 
5H. B. Heersche, P. Jarillo-Herrero, J. B. Oostinga, L. M. K. Vandersypen, and A. F. 
Morpurgo, Nature (London) 446, 56 (2007). 
6K. S. Novoselov, D. Jiang, F. Shedin, T. J. Boothand, V.V. Khotkevich, S.V. 
Morozov, and A. K. Geim, Proc. Natl. Acad. Sci. U.S.A. 102, 10451 (2005). 
7K. S. Novoselov, A. K. Geim, S.V. Morozov, D. Jiang, M. I. Katsnelson, V. 
Grigoreva, and S.V. Dubonos, Nature (London) 438, 197 (2005). 
8Y. Zhang, Y.-W. Tan, H. L. Stormer, and P. Kim, Nature (London) 438, 201 (2005). 
9S. Stankovich, D. A. Dikin, G. H. B. Dommett, K. M. Kohlhaas, E. J. Zimney, E. A. 
 7
Stach, R. D. Piner, S. T. Nguyen, and R. S. Ruoff, Nature (London) 442, 282 (2006). 
10H. C. Schniepp, J.-L. Li, M. J. McAllister, H. Sai, M. Herrera-Alonso, D. H. 
Adamson, R. K. Prud’homme, R. Car, D.A. Saville, and I. A. Aksay, J. Phys. Chem. 
B 110, 8535 (2006). 
11M. C. Lemme, T. J. Echtermeyer, M. Baus, and H. Kurz, IEEE Electron Device Lett. 
28, 282 (2007) 
12N. M. R. Peres, F. Guinea, and A. H. Castro Neto, Phys. Rev. B 73, 125411 (2006) 
13B. zyilmaz, P. Jarillo-Herrero, D. Efetov, D. A. Abanin, L. S. Levitov, and P. Kim, 
Phys. Rev. Lett. 99,166804 (2007) 
14Q. M. Yan, B. Huang, J.Yu, F. W. Zheng, J. Zang, J. Wu, B. L. Gu, F. Liu, W. H. 
Duan, Nano Lett., 7, 1469(2007). 
15B. Huard, J. A. Sulpizio, N. Stander, K. Todd, B. Yang, and D. Goldhaber-Gordon, 
Phys. Rev. Lett. 98, 236803 (2007) 
16J. R. Williams, L. C. DiCarlo, and C. M. Marcus, Science 317, 638 (2007). 
17M. I. Katsnelson, K. S. Novoselov, and A. K. Geim, Nat. Phys. 2, 620(2006). 
18V. V. Cheianov, V. I. Fal’ko, and B. L. Altshuler, Science 315, 1252(2007). 
19F. Schedin, A. K. Geim, S. V. Morozov, E. W. Hill, P. Blake, M. I. Katsnelson and 
K. S. Novosel Nature mater. 6, 652 (2007). 
20F. P. Ouyang, B Huang, Z. Y. Li, J. Xiao, H. Xu, J. Phys. Chem. C, submitted, 2007, 
http://arxiv.org/abs/0710.3214  
21T. B. Martins, R. H. Miwa, Antoˆnio J. R. da Silva, and A. Fazzio, Phys. Rev. Lett. 
98, 196803(2007). 
 8
22. Menon, and D. Srivastava, Phys. Rev. Lett. 79, 4453 (1997). 
23. Menon, A. N. Andriotis, and D. Srivastava, Phys. Rev. Lett. 91, 145501 (2005). 
24Chen, Y. M. Lin, M. J. Rooks, and P. Avouris, ,cond-mat/0701599(2007). 
25Han, B. Ozyilmaz, Y. Zhang, and P. Kim, Phys. Rev. Lett. 98, 206805(2007). 
26Brandbyge, J. L. Mozos, P. Ordejón, J Taylor, and K. Stokbro, Phys. Rev. B 65, 
165401(2002). 
27P. Ordejón, Artacho, and J. M. Soler, Phys. Rev. B 53, R10441(1996).; J. M. Soler, 
and D. Nardelli, J. Phys.: Condens. Matter (2002). 
28A. Yamashiro, Y. Shimoi, K. Harigaya, and K. Wakabayashi, Phys. Rev. B 68, 
193410 (2003).  
30Y. W. Son, M. L. Cohen, and S. G. Louie, Nature (London) 444, 347 (2006). 
 
 
 
 
 
 
 
 
 
 
 
 9
Figure Captions 
FIG 1.： (Color online) Schematic view of the T-junction devices built up with 
metallic GNR (shoulder) and semiconducting GNR (stem): graphene is contacted by 
source (S) and drain (D) electrodes. (a) pure T-junction，(b) T-junction with N-doped 
stem，(c) T-junction with N-doped shoulder. The grey, black, and white balls 
correspond to carbon, Nitrogen (Boron), and hydrogen atoms, respectively. 
 
FIG 2.：(Color online) Projected DOS (a) and the I-Vsd curves (b) of the pure-carbon 
T junction shown in Figure1a under gate voltage 0 eV; (c) Conductance as a function 
of the height of the stem shown in Figure1a. 
 
FIG 3.：(Color online) The I-Vsd curves and transmission of the T junctions shown in 
Figure1. 
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FIG 2. 
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FIG 3. 
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